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.Refme* : hmmd Gupplcaaaat to the Proposal for Laser 

mi- t o  bpsieal Ratmrefl4~a01:s aa the 

I. S-l Detection 

The average signal return osas shown t o  be 16 photons for  the 

design under tonaideration. The average number and distr*bution 

af the photoelectroas tchaumd from tbe photocathode rare found 

by a ~ d g  tha t  the quantum eifieieney vss knasn (c*&g. 10% by 

snhancencnt techa&ques) eMt the dietr'ibution was Poisson with the 

relevant mean (s. g. 1.6 photaelectroas fo r  the above case) . , .- 

1 2 Gaad- and eghers have poiaQsd at thbt the signal return for  

the array of  re-trtramflecfora wlll w.t he constrmt G e. 0.  16 pho- 

tons), but w i l l  be Boae - distributed about the expected return. 

Ttva detection s t a t i e t i c s  are be- re- calculated on t h i s  basis. 

In  effect ,  one has the expeetM val;ua s l i&t ly  l e s ~  than half 

the the so tbt mar* than W c e  as maxi9 firiws are necessary 

t o  be .s confident that  a signal has been detected ( e. pr. one 

expects 16 .or pore photons only 38% of -the tiaoe)'. The hdgher 

r.smma, 5.r- the B Q ~  d-ldtr&bugCon o.4iul.d Be used t o  B-&antas;e 

1. J. Gooamaa Proc IEEE 13 , 1688 Igv 1965 

2. J. Faller, D. Currie, . . 
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s igna l  was calculated on the bas i s  of l!oisson s t a t i s t i c s .  The 

nua&e?: required fox the f p l d d  B,Q,,BR - P o i s e n  proeess is now 

being calcula€ed. l%e r e su l t s  w i l l  probably show tha t  the  

number of f i r i ngs  w i l l  have t o  be  ancreased by about two. 

The la rger  the  amplitude re turns  ( e i the r  average or 

Bqse clistr&bution flirctus~'.tions) w i l l  ca r ry  valuable information 

which carnet  be used M t h  B s ing le  W'I - discrnhator  -- - . detec- 

to r .  The, informatdon could be ,preserved by u s i q  a linear 

fanout after 'the. PB$E and using discr*inatgxa set a t  1 ,  2 ,  

and 3 photoel.ectrona respectively. How to make use of t h i s  

ex t ra  i ndonna t i~n  has not been folaowed up although it should 

not be too d8ff icul t .  Howewer, we w i l l  see l a t e r  why it is 

best  to restrict our a t ten t ion  t o  s inq le  - photoelectron detec- 

t ion.  



4 

;I'$'lz.. - - .. S$@iiiit . T-g Pr&cisitc&. 

P&= kpat:&ag. tlq4 a&@& :$Q -.- E- - = t;tne, we mm@s.e.iP a PBK- 

pb&.m~:tietl m a w e  - ,tg - .@@b& p ~ ~ ~ i a a ~  ~ z t @ e m  e:o d i  Hae 

p+&4 - .th&a~, ~w wdMb.e ta M .- mp'X-qge b r a  me pcraqd'- 

6&%*3 - -- & . . &,*, . . - %& . . - W&ue , - .sme; , , .wftb fhe dtak@$df' .@ism .. @& 

*+ Eyg@?g@R" " ~;a#@@m&< '@&& - -  . -- *p% - @I!IIBs la&mm@ ,Em 

be . , eJ&mm @q$z&&-* *@@, -& !q-B.'. gii? ms* .g . - 

*-, f&& 
- - * I .  kern= :H the ,g@&& %gi .*& ke %qqg&@ I$? 

ab . , -8 - .. :* - - .. -- &f &&@ - -  V&&b . mrr, '~~.hr*)\. %kE@%@ 551- tb.~ 

hope t h a t  nanosecond l a se r  puises may become avai lable  fo r  use 

i n  the radar. nese c.ircqmstances me= tkat. ch.e tjirn3.g~ of ghe 

released photoelectrons must be done t o  much be t t e r  precisfon. 

The l i m i t  t o  t h i s  timing is  s e t  by inherent PMT t r a n s i t  t%me 

spreads due t o  the varia t ion i n  direct ton and magnitude of 

the  released - photoebctron's  velocity. (e.g. 0.3 naec) 

The -,. - .Lmrllediete . - - 
prob,lem one meeta i n  the  u-se of a discriminator 

&s 'its deadthe .  fie deteceion OF *be Hrst s iqnal  photoelectron 

precludes the detection ef a sewnd one following within the  

deadtime of t he  discrimi*ator (& 5 Wet). Fa l le r  has pro~ssed  

a way t o  solve t h i s  par t icular  p.roblem. The use of the prsper 

husnber of -11 - diameter m's i n  place of one larger  FMT w i l l  

ensure tmt 6ne re turn pu&se w i l l  yield ria Mare than one phota- 

e lectron at . each - photocathode. Th3a suggestion a l so   solve^ the 

problem of how t o  separate closely - spaced photoelectrons i n  

the  A t o  D proposal_. .(Single-photoelectron p@.se.s map not have 

a constant shape). Lt should be pointed out tha t  the  enhancement 
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tor hag *he smaiiest tinre dlsperhon due t o  w i s e  - height veri- 

ation ( i. 9.  Walk) for  small pulse height variations ( 4 1.7tl). 

The l d i e p :  edge d iscshinator  trtggers a t  a set v o l t a ~ e  level 

(e. g. FWEM) . 'Qalks" of less t-I$- 0.45 nsec have be.en measured 

for  the small dynamic range case using the equiment s ' b m  in 

Figure 1. The pulse height variation is often C'~3tfulled by 

mpking at 1.0s dete+t.ion effic$ency (i.e. selected range of 

hexaas).  %e "jit~er" i n  $he. dec t ron ies  is leas t  for  

the Peading e d ~ e  d i ~ ~ r h i a a t o r .  

When one tr;iahes t o  d i sc rh ina te  over wide dynamic ranges 

(i.e. wrk at high efficiency ), me use8 a f a s t  crosswer dis- 

crbtiaato'r. Thi.s d i s e r b b a t o r  ~'.ssentiirlly different iates  

the pitlae, traggers 6% the l'eading edge fo r  pulae height 

discr&$eti_on,. and then ,yieldg a timing pu l se  when i t  again 

t-rijggers a t  tlie zero - crossing of the differentiated pulse. 

Ottec has bu i l t  such c i rcui t s  us in^ tke WT's of Figure 1 

and found a "walk" af 0.73 nsec for  a 40 : 1 dynamic range 

(FWW). It is, of course, necessary that the pulse be of 

3. C. W. Williams, "Timing with PMT's Ortec News, March 1967 
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The majo-r road - block t o  the use of the simpler nre- 

ciab.n ti.wing methd- .ie %bat there are no suitable PMT 's 

awailable, EMR has a small -. aiameter available which 

Is adequate. i n  wery re8pec.t except t rans i t  tfme spread. 

RCA has several -1'1 - dsameter PMT's adequate in every 

respect except gain (e. g. RC. 8644 %e a ten - stage tube). 

A suitable PMT should - - -  be available . under .. . contract. w e  RCA 

8644 is being used far 8fng.ie pholoelectron countkg i n  the 

umber atmosphere .og.t$cal radalr work, k t  th i s  is made po-ssible 

by the slow timing w'ihich is adequate for theee purposes and 

whicl~ allows the use of &ow noise ampllf-iers. 





t,erm temperature rise 3.n the  'laser rod during pu.qing. 1t is 

no.t .p.dm.aSb_le t@, .werc.me .these heating prcrblexns durtng a .single 

pnmrp period. Rawever, the  requirement of only one laser pulse 
-. 

per puqp period ( a t  a fixed time) allows the l a se r  rod t o  cool 

between f t r i n ~ s .  A waeer - bath W t h  a t.emperature cantr'ol un i t  

(? 0.5.C) should be ab le  t o  maintain the laser r0.d temperature 

so t ha t  d t s  gain and hence the  unifnnnStg . - of the O - chopped 

pulse in amplitvde, shape, and delay from i n i t i a t i o n s  are 

The the. jitter &n the Q - cholp i n i t i a t i o n  time is another 

+ 
problem. Jitters of - 10 asec a t e  current ly  besnq quoted ( Korad 

Pmketg C e l l  Q - switch K - 0 ~ 2 ) .  This jitter (and aelay from 

i n i t i a t o r )  can be elbSnat.ed by .de t ec tha  the outgoing l a se r  

pulse i.n - .  a similar .. -. manner . . . - . t6 . . the  - - . return . . - pulse, - - In  t h i s  -. cas,e, 
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